Introduction
Tomatoes (Lycoperssicon esculentum) are very valuable vegetables due to their nutritional benefits. Tomato fruit quality has been assessed by the content of different chemical compounds such as citric, ascorbic and other organic acids, sugars, minerals, antioxidants and characterized with dry matter, the Brix degree as well as maturity and the taste index [1] .
The most important antioxidants in tomatoes are carotenoids, especially lycopene. The content of these compounds and their antioxidant activity vary significantly depending on ripening, maturity, variety and environmental conditions [2] .
Tomato fruit colour is one of the important indices of tomato maturity and quality. It is known that the colour of tomato fruits changes during ripening. The green colour of unripe tomato fruits is due to the presence of chlorophyll, but during maturation the degradation of this pigment and synthesis of yellow pigments such as β-carotene and xanthophylls happen. The reddish colour occurs due to the accumulation of lycopene. The colour of tomato varieties differs from yellow to orange red depending on the lycopene / β-carotene ratio [3] . Researchers [4] reported that tomatoes described as full flavoured were characterized by a low level of titratable acidity, a high content of total sugars and soluble solids.
Tomatoes are usually consumed at full red (or yellow) colour, when they have the highest quality. But taking into account the growing conditions, the variety of tomatoes and other factors, tomato fruits are often harvested at the mature green stage to minimize the damage during the post-harvest period and then may later ripen spontaneously or after treatment with ethylene [5] . The fruits which are harvested green, at the beginning of ripening, often are kept in different conditions for rapid colour development and ripening. This process characterizes with important losses in quality, due to the losses of vitamins, minerals, antioxidants. There are several studies about changes of tomato chemical composition during storage [3, [5] [6] [7] , but there are less information about tomato chemical composition at different stages of ripening.
The aim of this research was to determine and compare the physico-chemical compounds -dry matter, soluble solids, titratable acidity, vitamin C, lycopene, as well as the taste index and maturity in the three cherry tomato varieties (Sakura, Sunstream, Mathew) collected from a greenhouse at different stages of ripening. Tomato sampling For analysis, a bunch of tomato with fruits at different stages of ripening was cut off. The samples selected for experiments were classified into four stages of ripening: green -fruit surface is completely green; breakers -a definite break in colour from green to tannish-yellow; pink -40 to 70 % of the surface shows a pink or red (yellow) colour; red -more than 80 % of the surface shows a red (orange) colour. Five tomatoes at each stage of maturation were randomly selected for analysis, weighed, hand-rinsed with pure water, shaken to remove water, blotted with a paper towel, then were mixed and homogenized. From this puree, samples were taken on triplicate to measure acidity, the Brix degree, titratable acidity, the content of vitamin C and lycopene.
Materials and methods

Chemicals and spectral measurements
All the reagents used were of the analytical grade from Sigma Aldrich, Germany. A spectrophotometer UV-1800 (Shimadzu Corporation, Japan) was used for the absorbance measurements.
Analytical methods
The dry matter content was determined by weighing samples before and after drying at 80 °C for 48 h in a ventilated thermostat.
The soluble solid content was determined using an A. KRÜSS Optronic Digital Handheld Refractometer Dr301-95set at t = 20 °C.
Carotenoids were extracted using tetrahydrofuran (THF). For extraction, a representative portion of a sample (0.5 ± 0.001 g) was accurately weighted in a glass test tube. Then 5 ml of a solvent was added to it, and the test tubes were held for 15 min with occasional shaking at room temperature and finally centrifuged. The carotenoid content was analyzed spectrophotometrically by absorption measurements at 350 to 700 nm and calculated in accordance with Nagata and Yamashita [8] .
For determination of titratable acidity, 5 ± 0.001 g of tomato puree was quantitatively transferred into 100 ml tubes with adding 40 ml of pure water thoroughly mixing. After 20 minutes, the solution was filtered through a filter paper No. 89 th . For determination, 10 ml of the filtrate was titrated with 0.1 M NaOH solution and expressed as g 100 g -1 of citric acid. The content of vitamin C was determined titrimetrically using 2.6-dichlorphenolindophenol (AOAC, 1990). For determination, 2 ± 0.001 g of tomato puree was quantitatively transferred into 100 ml tubes with adding 50 ml a 1 % HCl and 5 % HPO3 mixture (1 : 1 v/v), and mixed thoroughly. After 30 minutes the solution was filtered through a filter paper No. 89 th . For determination, 10 ml (Va) of the filtrate was titrated with 0.0005 molar solution of 2.6-dichlorphenolindophenol (Vtitr).
The content of vitamin C was calculating according to the equation (1):
A taste index and maturity were calculated using the equation proposed by [9, 10] .
The results were analyzed using ANOVA at the significance level of p = 0.05. All values are averages of triplicates assay ± standard errors.
Results and discussion
Tomato fruit quality is closely related to the tomato ripening stage. The results obtained in the chemical parameters analyzed in all the samples characterizing different varieties and stages of ripening are shown in Table 1 . . These mean values were inside the usual range for tomatoes reported in literature [11, 12] . Comparing changes of dry matter at different stages of maturity, the smallest increases were observed comparing green and breakers stages: 1.7 % (variety Mathew), 3.1 % (variety Sunstream) or 4.9 % (variety Sakaura), but the highest increase was observed for varieties Sunstream and Mathew -about 12 %, comparing dry matter content in pink and red stages.
Total soluble solids is one of the most important quality factor for most fruits, and within the range of 4.8-8.8 the Brix degree indicates the highest quality of tomato. It is known that during maturation and ripening of tomato fruits the content of soluble solids changes. Moreover, this content increases from the mature green stage to the red stage [6] . The results of research showed that the obtained soluble solids content was within the levels reported for tomatoes at different stages of ripening [1, 3, 6, 12, 13] .
When comparing the mean values among the varieties, it can be observed that the Sunstream variety had the highest changes of soluble solids (3.62 to 6.28 of the Brix degree). In contrast another variety of red tomato, Sakura, showed the lowest mean values. Analyzing the dynamics of the soluble solids content, the highest increase was observed comparing pink and red (orange) stages for all analyzed varieties.
Acidity tends to decrease with the maturity of the fruits [14] . It was found that no significant differences (p > 0.05) among varieties and stage of maturity were observed for the mean values of titratable acidity expressed as g 100 g -1 of citric acid. A little increase was recognized at the breakers stage (varieties Sunstream and Mathew) or at the pink stage (variety Sakura). The obtained results showed that the mean values of acidity were similar or slightly higher than the data published by other authors [1, 12, 13] , but differed from data presented in [6] .
The taste index and maturity are calculated using the values of the Brix degree and total acidity for characterizing the quality and taste of tomatoes. When using these data, the mean values of the taste index in all the analyzed tomato varieties at all stages of ripening were higher than 0.85. Maturity is a better predictor of the acid flavour impact than the Brix degree or acidity alone [15] . Due to the increase of soluble solid content during ripening, the maturity also increases and reaches the highest value at the red stage (Table 1) . It has been noted that the variety of tomato and the stage of ripening have a significant influence on the value of maturity. The variety Mathew had the mean value of maturity (5.6 ± 0.8) lower than those values determined for the Sakura (6.7 ± 1.9) and Sunstream (7.3 ± 1.2) varieties in the beginning of ripening (green stage). Comparing maturity at the red stage, it was increased from 1.57 times (variety Sakura) to 1.8 times (variety Mathew).
Vitamin C (ascorbic acid) is one of the major natural antioxidants. Its biological significance is based on the ability to participate in different enzymatic, hydroxylation oxidation -reduction reactions and processes. The content of vitamin C in vegetables may vary depending on the environmental and stress factors such as light intensity, temperature, humidity conditions, air pollution, etc. [16] . . The values found in this study were similar to or slightly higher than the ones reported by other researchers [13, 15, 17, 18] .
The colour of tomatoes is an important quality parameter for consumer. The synthesis of pigments in tomatoes is related to the ripening, and the red color of tomatoes results from the accumulation of lycopene [19] . Therefore, the content of lycopene has been suggested as a good indicator of the level of ripening. Lycopene is considered to be the predominant carotenoid of tomato fruit (80-90 %), followed by β-carotene (5-10 %) [20] . Data in Fig. 2 present the content of lycopene in the analyzed tomato varieties Sakura and Sunstream. The content of lycopene in the Mathew tomato variety was within the range of 0.007 to 0.98 mg 100 g -1 due to the yellow or orange colour of tomato fruits. ), but significantly differed in the red stage. The highest concentration of lycopene (13.85 ± 0.12 mg 100 g -1 ) was determined in the fully ripened Sunstream variety tomatoes. The lycopene content can range from 4.3 to 116.7 mg kg -1 on a fresh weight basis, with cherry tomato types having the highest lycopene content [21] . The obtained experimental results were similar to results reported in [22] , but were lower than reported in [21] .
Conclusions
The stage of ripening has the statistically significant influence (p < 0.05) on the mean values for all analyzed parameters. During ripening, the content of soluble solids increases on average two times in all analyzed varieties. The highest content of vitamin C and lycopene was determined in tomatoes of the variety Sunstream in the red stage. The highest total acidity expressed as g of citric acid 100 g -1 was observed in the pink (variety Sakura) or the breaker stage (varieties Sunstream and Mathew). The taste index of the variety Sakura was higher at all analyzed ripening stages in comparison with other varieties. Comparing maturity at green and red stages, it was increased from 1.57 times (variety Sakura) to 1.8 times (variety Mathew). The maturity of all analyzed tomato varieties at the end of ripening was more than 10.
